A Gram-staining-positive, non-motile and non-spore-forming lactic acid bacterium, designated strain M2 T , was isolated from fermented brown algae (Undaria pinnatifida) kimchi in South Korea. Cells of the isolate were facultatively anaerobic ovoids and showed catalase-and oxidasenegative reactions. Growth of strain M2
Kimchi is a traditional food, emblematic of Korean culture, that is fermented from vegetables such as Chinese cabbage and radish. In recent years, kimchi's health-promoting characteristics have been recognized continually and kimchi is known as one of the world's five healthiest foods (Song, 2004) . Fermentated vegetables in kimchi are usually processed with various seasoning ingredients such as red pepper powder, garlic, ginger and salts at low temperatures and lactic acid bacteria such as those of the genera Leuconostoc, Lactobacillus, Streptococcus, Pediococcus and Lactococcus play an important role in kimchi fermentation and resulting taste (Cheigh et al., 1994; Mheen & Kwon, 1984; So & Kim, 1995; Lee et al., 1997; Jung et al., 2011) . Generally, different kinds of kimchi are classified based on the main raw materials (vegetables) and there are many kinds of kimchi in several regional provinces of Korea. Many lactic acid bacteria have been isolated from Korean kimchi (Kim et al., , 2003 Yoon et al., 2000; Choi et al., 2002; Lee et al., 2002) . The genus Leuconostoc encompasses a phylogenetically coherent group of lactic acid bacteria that are Gram-positive, facultatively anaerobic, asporogenous, catalase-negative, spherical organisms containing genomic DNA with relatively low G+C content (36-45 mol%) (Chambel et al., 2006; De Bruyne et al., 2007; Ehrmann et al., 2009) . In the course of a study on kimchi microbiota, a novel bacterium belonging to the genus Leuconostoc was isolated from brown algae kimchi and its phylogenetic position was investigated using a polyphasic approach.
Strain M2
T was isolated from fermented miyukkimchi made of a brown algae (Undaria pinnatifida), which is a regional kimchi in Korea. Isolation and identification of bacteria from the brown algae kimchi (miyukkimchi) were performed as described by Kim et al. (2008) . Briefly, miyukkimchi was fermented for 20 days at 4 u C and then a small amount of kimchi soup was serially diluted in 0.9 % (w/v) saline, spread on MRS (Difco) agar plates and incubated at 25 u C for 3 days. Colonies grown on MRS agar were resuspended in 100 ml 5 % (w/v) Chelex-100 solution (Bio-Rad) and boiled for 10 min to prepare crude genomic DNA lysates. PCR amplification of 16S rRNA genes from the crude lysates was performed using the universal primers F1 and R13 and products were sequenced as described previously (Kahng et al., 2010 Chun et al., 2007) and aligned by using the CLUSTAL W software program (Thompson et al., 1994) . Phylogenetic trees using the neighbour-joining and maximum-parsimony algorithms were reconstructed by using the PHYLIP software (version 3.6, Felsenstein, 2002) . The resulting tree topologies were evaluated using bootstrap analyses based on 1000 resampled datasets with the PHYLIP package. Maximum-likelihood analysis with bootstrap values was performed using RAxML-HPC BlackBox (version 7.2.6) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) at the San Diego Supercomputer Center.
To study the relatedness between strain M2
T and its neighbours in the genus Leuconostoc with a higher resolution than that provided by 16S rRNA gene sequences, comparative sequence analysis of the recA gene was performed because multilocus sequencing of protein-encoding genes has become a common approach, especially for fine resolutions of close taxa (Konstantinidis & Tiedje, 2005) . The recA gene sequences of strain M2
T and Leuconostoc inhae KACC 12281
T that were not available in public databases were amplified by using primers and PCR conditions as described by Dellaglio et al. (2005) . The resulting PCR amplicons were purified and ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions and their inserts were sequenced by Macrogen (Korea). The resulting recA gene sequences were compared to available recA gene sequences in GenBank. The compared recA gene sequences were aligned using the CLUSTAL W software program, and a phylogenetic tree was reconstructed using the PROTDIST T and Leuconostoc kimchii IH25 T as described previously (Lee et al., 2011) . Briefly, extracted genomic DNA was fragmented with a HaeIII digestion and different amounts of the fragmented DNA were blotted onto Hybond-N+ nylon membranes (Amersham Pharmacia Biotech) in three replicates after denaturation using NaOH solution and heating (80 u C). Each DNA (4 mg) was used individually as a labelled DNA probe for cross-hybridization (Park et al., 2007) . Random primed DNA labelling with digoxigenin (DIG)-dUTP and detection of hybrids by enzyme immunoassay on nylon membrane were performed using a DIG High Prime DNA Labelling kit (Roche Applied Science) according to the manufacturer's instructions. Hybridization signals were captured and analysed with Adobe Photoshop (ver. 7.0). The signals produced by hybridization of the probe to the homologous target DNA were taken to be 100 % and signal intensities produced by the self-hybridization of a series of dilutions were used for the calculation of the levels of DNA relatedness between strain M2
T and each reference strain. The hybridization experiments were confirmed by cross-hybridizations. T with a low bootstrap value (52 %) within the genus Leuconostoc (Fig. 1) . On the other hand, phylogenetic analyses using the maximum-likelihood and maximum-parsimony algorithms showed that strain M2
T formed a phylogenetic lineage with Leuconostoc kimchii IH25 T with low bootstrap values, meaning that the phylogenetic topologies are not stable (Fig.  S1 , available in IJSEM Online). The phylogenetic trees based on the recA gene also revealed that strain M2
T formed a distinct phylogenetic lineage from other species of the genus Leuconostoc (Fig. 2) T and Leuconostoc holzapfelii DSM 21478 T were 13.8±3.2 %, 14.3±3.4 %, 9.9±1.0 %, 13.2± 0.8 %, 22.4±4.9 % and 16.2±4.6 %, respectively, which are clearly below the 70 % threshold generally accepted for species delineation (Rosselló -Mora & Amann, 2001).
Growth temperatures for strain M2
T were tested by growing the isolate on MRS agar at different temperatures (0, 4, 20, 25, 30, 35, 37 and 40 u C) for 3 days. Growth pH of strain M2
T was tested in MRS broth with different pH (1.0-10.0 at 1.0 pH unit intervals) at 30 u C for 3 days. The broth pH was adjusted prior to sterilization by the addition of HCl or NaOH and adjusted again after sterilization. After the growth of strain M2 T , broth pH was measured again. Oxidase activity was tested by oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994) . Gas production from glucose was determined with a Durham tube in MRS broth. Gram staining was performed using the bioMérieux Gram stain kit according to the manufacturer's instructions. Cell morphology, motility and the presence of flagella were studied using phase-contrast microscopy (Axio Lab.A1; Carl Zeiss) and transmission electron microscopy (JEM-1010; JEOL) with 2-day-old cells grown on MRS agar plates as described previously (Jeon et al., 2004) . Requirement and tolerance of NaCl were determined in MRS broth supplemented with 0-10 % (w/v, 1.0 % intervals) NaCl for 5 days at 30 u C. Carbohydrate fermentation profile was determined by using the API 50 CHL system (bioMérieux) according to the manufacturer's instructions. Anaerobic growth was assessed on MRS agar plates under anaerobic (with 4-10 % CO 2 ) conditions using the GasPak Plus system (BBL). The production of DL-lactic acid isomers from glucose by strain M2 T in MRS broth was determined with a DL-lactic acid enzyme test kit (R-biopharm) according to the manufacturer's protocol.
When tested on MRS agar plates, growth of strain M2
T was observed at temperatures between 4 and 35 u C, with an optimum growth temperature of 30 u C; no growth was observed at 0 u C or 37 u C. Growth of strain M2
T in MRS T grew in MRS broth supplemented with 0-6.0 % (w/v) NaCl; optimal growth occurred without the addition of NaCl. Gas was produced from glucose. Bacterial cells were Gram-staining-positive, facultatively anaerobic ovoid types that usually occurred in groups with a size of 0.5-0.760.7-0.9 mm (Fig. S2) . Phenotypic features of strain M2 T are presented in Table 1 and in the description of the novel species. Some of them are in accordance with characteristics of members of the genus Leuconostoc, whereas others allow the differentiation of strain M2 T from closely related species of the genus Leuconostoc (Table 1 ).
The DNA G+C content of strain M2
T was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002) by using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). The DNA G+C content of strain M2 T was 42.5 mol%, which was within the range of other species of the genus Leuconostoc (38-44 mol%; De Bruyne et al., 2007) . Therefore, on the basis of the physiological, biochemical and phylogenetic properties described above, strain M2
T represents a novel species in the genus Leuconostoc, for which the name Leuconostoc miyukkimchii sp. nov. is proposed.
Description of Leuconostoc miyukkimchii sp. nov.
Leuconostoc miyukkimchii [mi.yuk.kim9chi.i. N.L. n. miyukkimchium miyukkimchi, a regional kimchi made of a brown algae (Undaria pinnatifida); N.L. gen. n. miyukkimchii of miyukkimchi].
Cells are Gram-staining-positive, facultatively anaerobic, non-spore-forming ovoid types without motility. Colonies on MRS agar are creamy white, convex and circular with smooth margins. Growth occurs at 4-35 u C (optimum, 30 u C) and at pH 5-9. Negative for oxidase and catalase. Grows in MRS broth supplemented with 0-6.0 % (w/v) NaCl, but not 7 % NaCl or higher concentrations. Heterofermentative; gas and DL-lactic acid (78.9 : 21.1) are produced from glucose. Acid is produced from starch, amygdalin, arbutin, cellobiose, aesculin, D-fructose, gentiobiose, D-glucose, maltose, D-mannitol, D-mannose, methyl a-D-glucopyranoside, N-acetylglucosamine, potassium 2-ketogluconate, potassium 5-ketogluconate, potassium gluconate, D-ribose, salicin, sucrose, trehalose, turanose and D-xylose. Acid is not produced from D-adonitol, arabinose, arabitol, dulcitol, erythritol, fucose, D-galactose, glycerol, glycogen, inositol, inulin, lactose, D-lyxose, melezitose, melibiose, methyl a-D-mannopyranoside, methyl b-D-xylopyranoside, raffinose, L-rhamnose, D-sorbitol, L-sorbose, Dtagatose or xylitol. The DNA G+C content of the type strain is 42.5 mol%.
The type strain is M2 T (5KACC 15353 T 5JCM 17445 T ), isolated from Korean fermented brown algae (Undaria pinnatifida) kimchi.
